CONTENTS (continued)
Page
INTRODUCTION
The Valley Heads moraine, first identified by Chamberlin (1883) , is a thick accumulation of glacial drift that was deposited at the terminus of the Wisconsin ice sheet when it occupied the major valleys at the north rim of the Allegheny Plateau in central New York ( fig. 1 ). Parts or all of the older Valley Heads moraine segments in the central Finger Lakes region probably were formed during the Port Bruce stadial 13,500 to 14,500 years before present, whereas the youngest moraines of the Valley Heads system were formed from 10,400 to 13,320 years before present (Fullerton, 1980) . The Valley Heads moraine extends across western and central New York and is the largest moraine in the State. Many communities and rural residences on or near the moraine obtain their water supply from sand and gravel zones within the moraine, but little is known about the origin or distribution of those zones, which have been described as scattered gravel layers within fine-grained sediment (MacNish and Randall, 1982, p. 23; Crain, 1974, p. 70-73) . Well logs indicate that the moraine includes several sand and gravel zones interbedded with till and lake deposits. Crain (1974) mapped the extent of water-table and confined zones in the western Oswego River basin at a scale of 1:125,000, including parts of the Valley Heads moraine, but did not discuss the moraine in detail. Randall and others (1988) briefly described the geohydrology at 18 localities along the moraine but emphasized the surficial outwash aquifers immediately to the south of the moraine.
In 1984, the U.S. Geological Survey began a hydrogeologic study of the Valley Heads moraine near the village of Dryden in the southeastern part of Tompkins County and the southwestern part of Cortland County ( fig. 2 ). The study is part of the Survey's Regional Aquifer-System Analysis Program, which was established to determine the origin and distribution of glacial sediments that form the moraine, with emphasis on sand and gravel aquifers, in a representative setting in a north-flowing valley. The Dryden area was selected for study because well data are relatively abundant as a result of suburban development on the moraine. The glacial history of the Valley Heads episode as described herein provides a basis for determining the approximate location, extent, and geometry of aquifers in this geologic setting and includes information that could be used in the development and protection of these aquifers.
Purpose and Scope
This report describes the geologic setting; the types of sediments that form the Valley Heads moraine; the processes of their deposition; their stratigraphy; and the origin, geometry, and distribution of aquifers in the study area. It also contains tables of water levels and data on wells completed in the aquifers and three plates showing (1) locations of wells and test holes, (2) surficial geology, and (3) geologic sections.
Methods
The work included a review of previous investigations, a well inventory, test drilling, examination of drill cuttings, lithologic counts of pebbles in the till and gravels collected from outcrops and split-spoon samples, field mapping, and water-level measurements. In addition, 25 wells were surveyed to obtain accurate elevations of stratigraphic units and water levels.
Examination of drift lithology is a potentially useful method for correlating stratigraphic units. MacClintock and Apfel (1944) and Moss and Ritter (1962) used differences in lithology to distinguish areas of Olean drift from Valley Heads drift in central New York. Moss and Ritter (1962) found that Valley Heads drift is "bright," whereas Olean drift is "drab" in the uplands and in minor valleys but is "bright" in some major through valleys. In this report drift is considered drab if more than 90 percent of the pebble and granule components consist of local rocks (in this case dark-gray shale and silts tone), moderately drab or moderately bright if 85 to 90 percent of the pebble and granule component consists of local material, and bright if less than 85 percent of the pebble and granule component consists of local rocks. Bright drift refers to rocks foreign to the study area. The relatively colorful appearance of bright drift is caused by numerous pebbles of limestone, chert, quartzite, crystalline rock, and other rocks foreign to the Allegheny Plateau.
Valley Heads ice did not cover the uplands southeast of Dryden. The drift on these hills consists of drab Olean deposits. Streams that drain the uplands have eroded drab Olean drift and bedrock and transalluvium) should be distinguishable from bright ported these sediments to the valley, where some Valley Heads drift, which is found in the valleys, bright Valley Heads deposits are found. Therefore, Rough pebble counts of selected split-spoon samples the drab upland drift and fluvially transported upland and sediment from streams and outcrops are given in material (inwash, interstadial alluvium, and Holocene table 4 (at end of report).
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Description of Study Area
The study area occupies 8.9 mi2 in the Virgil Creek and Dryden Lake -Harford valleys in the southeastern part of Tompkins County and southwest part of Cortland county in central New York (fig. 2 ).
Location and Physiographic Setting
Most of the study area drains north into the Oswego River, which flows into Lake Ontario (fig. 3) . The southeastern part of the study area (Harford valley) drains south into the Susquehanna River basin ( fig. 3) .
The study area is in the through-valley section at the north rim of the Allegheny Plateau ( fig. 1 ) that consists of rounded bedrock hills whose valley walls rise as much as 600 ft above the valley floor. The valleys may contain more than 300 ft of unconsolidated sediments, most of which were deposited during deglaciation. North of the study area ( fig. 1 ) is the Finger Lakes region, characterized by relatively lowlying hills and elongated and roughly parallel troughs that contain the Finger Lakes.
Geologic Setting
Glacial deposits. Deglaciation of the Finger Lakes region during late Wisconsin time was interrupted by intervals of readvances and stillstands. Most of the upper glacial sediments in the Finger Lakes region were deposited during deglaciation of the last readvance of ice (Valley Heads), which overrode the area 13,500 to 14,500 years before present and deposited a large moraine known as the Valley Heads moraine in many through valleys near its terminus at the north rim of the Allegheny plateau ( fig. 1) . The interbedded deposits of glacial drift reflect a complex history of several glacial advances and recessions, meltwater activity, formation and subsequent drainage of glacial lakes, and recent fluvial erosion and deposition.
The position and size of the Valley Heads moraine was controlled by bedrock topography and possibly by adjustments in glacier flow of the Laurentian ice sheet to differential rebound of land during ice retreat. Krall (1977) reasoned that rebound in the Champlain and Hudson valleys ( fig. 4) the southward advance of Valley Heads ice south of the Finger Lakes region to the northern rim of the Allegheny Plateau ( fig. 1 ). When the main ice sheet abutted against the northern rim of the Allegheny plateau, tongues of ice extended several miles southward into the intrusive through valley-section of the plateau (figs. 1 and 5). The position where the ice stopped in the through valleys coincides approximately with a steep rise in the bedrock floor in at least some of these valleys (Faltyn, 1957; Miller and others, 1982; Mullins and Hinchey, 1989) . Then, 13,500 to 14,500 years ago, the Champlain-Hudson RiveV Valley trough in eastern New York ( fig. 4 ) again became the major flow path for the ice because it had a lower outlet than the through valleys in central New York (Krall, 1977) . Thus, the continued presence of the ice margin against the northern rim of the Allegheny Plateau for several hundred years and the consequent deposition of the Valley Heads moraine were mainly the result of bedrock topography and ice dynamics.
During early stages of Valley Heads ice, meltwater probably deposited subaqueous outwash, deltaic, and lake-bottom sediments into water ponded between the advancing ice front and either older drift that choked the valleys to the south or rising bedrock surface south of the Finger Lakes region. If the lake became filled with sediment, fluvial outwash would have aggraded on top of it, or if no lake had formed in front of the ice, fluvial outwash would have aggraded on top of older drift. Further advancement of the ice would have overridden the lake and fluvial deposits and reworked at least the upper parts of them.
During the more advanced stages of Valley Heads ice in the through valleys, meltwater flowed southward from the ice tongues into the Susquehanna drainage system ( fig. 3 ) and deposited valley trains that typically extend several miles to several tens of miles south of the ice front. In most valleys occupied by Valley Heads ice, multiple advances and retreats of the ice formed moraines that partly filled the valleys with deposits of interbedded till, lacustrine fine sand, silt and clay, and some sand and gravel.
The Valley Heads moraine forms a semicontinuous looped belt of hummocky topography that extends roughly east-west several miles south of the Finger Lakes ( fig. 1 ). The moraine is thicker in the valleys than in the uplands, where it is less developed or absent because the ice was thinner and laden with less sediment. In many through valleys, the moraine forms the divide between southward drainage into the Susquehanna River basin and northward drainage into the Oswego River basin ( fig. 3 ). Miller, 1981.) In north-draining valleys at the north rim of the Allegheny Plateau, proglacial lakes typically formed in the depressions between the receding ice front and the Valley Heads moraine (Fairchild, 1934) . During early stages of ice retreat, ice tongues filled most of the valleys and blocked the northward escape of ponded water. Each valley had an outlet channel at the moraine that controlled the initial lake level (Fairchild, 1934) . Lake levels remained unchanged as ice melted until an interfluve at a elevation lower than lake level became exposed to the north, whereupon either the lake abruptly drained dry or dropped to the level of the interfluve or the level of a lower lake in an adjacent valley. Most of these initial lakes were shorter lived than later low-level lakes.
Holocene deposits. Some stream erosion and deposition has occurred in the study area during postglacial time. Virgil Creek has incised a 20-to 50-ft-deep TOW gorge into the moraine, and small streams that drain uplands have eroded steep gullies in till and bedrock. Channel erosion in other areas, such as the inlet and outlet of Dryden Lake, has been minimal, however.
The only significant recent channel and floodplain deposit in the study area (Al, pi. 2) is along Virgil Creek gorge in the moraine. The Virgil Creek flood plain is 3 mi long and 300 to 700 ft wide. The flood-plain deposits are thin, typically 3 to 10 ft thick, and the creek flows on till in many places. Springs emerge at the interface between the alluvium and till in several locations.
Alluvial fans (alf, pi. 2) formed where streams that drained uplands flowed onto the valley flat and deposited some of their coarse sediment load. Sediment eroded from the moraine by Virgil Creek was deposited as a 10-to 20-ft-thick alluvial fan in the valley flat now occupied by the village of Dryden. Several small alluvial fans formed along the edges of Previous Hydrogeologic Studies Apfel (1963) identified two sand and gravel aquifers near the Village of Dryden from the surficial geology of the Virgil Creek valley and drillers' logs of two wells in the south part of the village. He concluded that the surficial aquifer consists of morainal sand and gravel and extends S mi southeast from the southern part of the village into the Virgil Creek and Dryden Lake valleys. He also described a buried sand and gravel aquifer that was deposited in an ice-dammed lake by floodwater from the uplands and(or) meltwater from the ice and later became covered with finegrained lake deposits.
LaFleur (1978) recognized three separate sand and gravel zones on the northern slope of the Valley Heads moraine: (1) A shallow deposit at land surface, which he ascribed to deposition by postglacial streams; (2) an extensive buried sand and gravel zone, whose upper surface is 80 to 110 ft below land surface, inferred to represent an interstadial channel deposited by a north-flowing stream; and (3) another, deeper interstadial channel deposit about 200 ft deep, as inferred from data from two widely spaced wells. Randall and others (1988) described at least two sand and gravel zones that are separated by till and lacustrine layers in front of the Valley Heads moraine in the Town of Harford, about 5 mi southeast of Dryden ( fig. 2 ). In the Harford valley, surficial outwash was deposited as a 50-to 80-ft-thick valley train that extends as a southeastward-sloping wedge away from the moraine. Near the drainage divide on the moraine^ thin outwash and alluvial deposits, partly saturated, overlie a 5-to 30-ft thick layer of till that in turn overlies a thin sand and gravel zone. A second, slightly deeper layer of till and(or) lacustrine silty clay extends over at least part of the same area and overlies a thicker sand and gravel zone. Randall and others (1988) suggests that the two till layers resulted from brief readvances of the fluctuating ice margin. The association with lacustrine silty clay suggests that whenever the ice margin withdrew, water became ponded between the ice and the valley train.
GLACIAL GEOLOGY
The upper part of the valley fill in the Virgil Creek and Dryden Lake -Harford valleys was deposited mostly during the successive advances, oscillations, and retreats of Valley Heads ice, although preValley Heads drift is on the uplands southeast of Dryden, and some may be buried in the valleys. Landsurface exposures and well records show the valleys in the study area to be partly filled with several hundred feet of interbedded till, glaciofluvial deposits, and glaciolacustrine deposits. Postglacial deposits overlie Valley Heads drift in some areas; these include swamp deposits that accumulated in kettles and thin recent alluvium in flood plains. The correlation diagram in figure 6 shows the equivalence in relative geologic age and stratigraphic positions of geologic units at the Valley Heads moraine near Dryden.
Pre-Valley Heads Deposits
The origin and distribution of deposits older than Valley Heads age in drift-filled valleys are little known because surficial exposures are lacking as a result of (1) the readvance of Valley Heads ice, which destroyed, altered, or buried previous deposits and altered drainage patterns, (2) scant deep-well data, and (3) lack of lithologic distinction between the older drift (Olean) in through valleys and Valley Heads drift, because both have similar clast lithology (Moss and Ritter, 1962) . Identification of pre-Valley Heads deposits in the valleys is mostly rough conjecture based on evidence from adjacent areas and geologic principles.
Olean Drift
Olean till mantles the upper parts of bedrock hills adjacent to the Virgil Creek and Dryden LakeHarford valleys where Valley Heads ice did not reach. The deeper zones in the Virgil Creek and Dryden Lake -Harford valleys may contain older glacial sediments deposited by the Olean ice sheet, which covered the region before the Valley Heads readvance, but little is known of their extent.
Interstadial Alluvial Deposits
During the early stages of the Valley Heads episode, when ice was tens of miles north of Dryden, die ice probably had no effect on the study area. During this interstadial period, northward-flowing streams in the Virgil Creek valley and Dryden Lake area probably deposited alluvial channel and flood-plain material in the valley, and streams that drained uplands deposited alluvial fans and on top of the older Olean drift along the edges of the valley (Moss and Ritter, 1962 
Advancing Ice And Proglacial-Lake Deposits
As the Valley Heads ice advanced southward, it blocked the flow of water in northward-draining basins and caused water to become ponded in front of it. As lower outlets to the north became successively blocked by the ice, continually rising proglacial lakes formed before the advancing ice in the northwarddraining basins and drowned the lower reaches of the streams. The material deposited by these streams at the south edges of the lakes formed deltas consisting of fine sand and silt; the finer sediments were carried into deeper, quieter water, where they settled to form lake-bottom sediments consisting of silt and clay.
Advanced Ice Stages
During the advanced stages of the Valley Heads episode, the main ice sheet abutted against the north rim of the Allegheny Plateau northwest of Dryden, and an ice tongue extended several miles southeast from the main ice massif into the Y-shaped Virgil Creek and Dryden Lake -Harford valleys. Two miles southeast of Dryden, the ice split into two tongues, one extending 2 mi up Virgil Creek valley, and the other 1.5 mi up the Dryden Lake -Harford valley ( fig.  2 ). In the Virgil Creek and Dryden Lake -Harford valleys, as in most other intrusive or through valleys along the northern rim of the Allegheny Plateau that were occupied by tongues of Valley Heads ice, a massive moraine was deposited in the vicinity of the ice margin. As in other through valleys crossed by the moraine, the moraine in the Dryden Lake -Harford valleys forms the surface-water divide between the Susquehanna and St. Lawrence drainages ( fig. 3 ). An atypical hydrologic setting is present in the Virgil Creek valley, however, where the westward-flowing creek, which originates in front and east of the moraine, has incised a channel through the moraine such that the entire valley drains westward and northward. Moraine and lake deposits in the Virgil Creek valley. During the advanced stages of the Valley Heads episode, a moraine formed where the tongue of ice extended into the Virgil Creek valley, and lake sediments settled in a 3-mi-long proglacial lake (Virgil Lake) that formed in the depression between the ice front and an outlet at elevation 1,400 ft, 1 mi east of Virgil (not shown on pi. 2). The upper parts of the moraine in the Virgil Creek valley consist of till, debris flow, and lesser amounts of ice-contact deposits. Soil maps, field observations by this author, and test hole 46-19 (pi. 1), which was drilled in the lower part of the moraine and penetrated mostly very stony till, indicate meltwater deposits to be relatively scarce in the moraine in Virgil Creek valley.
Typically, meltwater deposited a valley train (outwash) in front (south) of the Valley Heads moraine, but in the Virgil Creek valley there is no evidence of fluvial outwash at land surface in front of the moraine. Moraine in the Dryden Lake Harford valley. A large morainal ridge (pi. 2) that consists of a cobbly till mixed with dirty sand and gravel was deposited immediately south and southeast of Dryden Lake and probably represents relatively long stillstand of ice during the advanced stages of the Valley Heads episode. Little or no expression of the moraine remains in the middle of the valley, where it may have been buried by subsequent deposits of outwash and till. A valley train slopes gently southeastward away from the moraine, but the proximal (ice side) drops steeply, 120 to 150 ft within 1,500 ft, toward Dryden Lake and its outlet. Fluvial outwash in front (south) of the moraine, highly irregular topography (kames and kettles), and abundant boulder and cobble erratics on the moraine indicate a depositional environment that was close to the ice margin. Fluvial and(or) debris-flow sediments were deposited adjacent to and in front of the ice, and some accumulated on top of the ice and were subsequently laid down as the ice melted. At least one layer of till was deposited during a later readvance near or on top of some parts of the moraine, as evidenced by standing water at land surface, soil maps, and records of wells in the area.
Disintegration of ice
The Valley Heads ice melted 13^500 to 14,500 years ago during which time extensive moraines were formed at the ice margins in valleys (Fullerton, 1980) . The moraines in the study area are characterized by ice-disintegration features such as kame terraces, kames, outwash heads, kettles, collapsed sediments, and hummocky ablation drift (pi. 2).
Drainage of Virgil Lake and meltwater-in Virgil
Creek valley to Harford valley. When the interfluve between the two-pronged Virgil Creek and Dryden Lake -Harford valley became free of ice, proglacial Virgil Lake and meltwater in the Virgil Creek valley drained south through a channel (elevation 1,260 ft) across the interfluve (pi. 2) and into the Dryden Lake valley, where it flowed either southward from the ice front to the Harford valley or northward through crevasses or a subglacial system to a lower outlet elsewhere. For Virgil Lake and meltwater in the Virgil Creek valley to drain southward to the Dryden Lake valley and then southward to the Harford valley would require a lower outlet in the Harford valley than iJhe Virgil Creek valley. The maximum elevation of ice-contact features in the Virgil Creek valley, and of the outlet for Virgil Lake, is about 1,400 ft above sea level, whereas the maximum elevation of ice-contact features and the outwash head in the Dryden LakeHarford valley was lower from 1,290 to 1,350 ft. Therefore, meltwater in the Virgil Creek valley and proglacial Virgil Lake must have drained southward to the Dryden Lake -Harford valley once the interfluve between the two valleys was breached.
An outwash head in the Harford valley at about the same elevation as the interfluve channel (both about 1,260 ft above sea level) supports the hypothesis that some meltwater flowed from the Virgil Creek valley to the Harford valley. The channel across the interfluve has been subsequently covered by till deposited by a readvance of ice. Outwash in the Harford valley. During disintegration of the ice in the study area, meltwater deposited outwash south of the moraine in the Harford valley. Two layers of till are interbedded with the outwash just beyond the divide on the moraine (Randall and others, 1988 , and section A-A', pi. 3 of this report). Here two outwash heads are found one along the western valley wall near the intersection of West Lake Road and Route 38 at an elevation of 1,290 ft, the other near the intersection of Cotterill Lane and Willow Crossing Road at an elevation of about 1,255 ft (pi. 2). The western outwash head ends at thick icecontact deposits at the southern side of Dryden Lake and indicates the area where meltwater drained from the ice tongue that occupied the Dryden Lake area.
The outwash head on the eastern side of the Dryden Lake -Harford valley does not terminate at a large ice-contact deposit but, rather, grades up to the eastern valley wall to the point where Daisy Hollow Brook flows into the Harford valley. This eastern outwash head was probably deposited by meltwater from both the Virgil Creek valley and the eastern side of the ice tongue in the Dryden Lake -Harford valley. Some of the outwash is mixed with some inwash and has been subsequently covered by 10 to 25 ft of alluvium deposited by Daisy Hollow Brook (pi. 2).
Hummocks. An area of irregular hummocky moraine north of Dryden Lake (H and Dl/H, pi. 2) consists of a complex of till and debris-flow, glaciofluvial, and glaciolacustrine deposits. During the early stages of ice-disintegration, when the ice was still thick and its surface was relatively high, the depositional environment was probably dominated by melt-out, debris-flow, and glaciofluvial processes. During ablation of the ice, debris within and on top of the ice became concentrated on the surface, and as relief developed on the ice surface by differential melting, most of the sediment accumulated in troughs between ice-cored ridges. Ponding would have been more likely during later stages of ice disintegration, when meltwater could have accumulated in depressions on the ice or when the ice surface melted below the saddle elevation (about 1,220 ft) at the moraine ( fig. 7) . The final relief after the melting of the ice resulted in topographic inversion, where the former sediment-filled troughs were left as mounds and former ice-cored ridges as depressions. The types of sediments depended on the depositional environment, which could have been one or a combination of the following: (1) Melt-out till and supraglacial debris deposited where downmelting occurred without ponds or meltwater streams, (2) glaciofluvial material deposited where meltwater streams flowed in troughs, and (3) glaciolacustrine material deposited where ponds occupied the troughs (figs. 7 and 8). In some areas, sand and(or) gravel (stipples over H, pi. 2) and(or) till (Dl/H, pi. 2) drapes over the hummocks; this represents post-hummock episodes of sedimentation. Hummocks overlie melt-out and(or) lodgment-till layers that in turn overlie older drift that together may be more than 300 ft thick in the center of the Dryden Lake -Harford valley.
Last Readvance
Thin, drab stratified drift and a thin, drab layer of till over most of the earlier ice-disintegration deposits in the Dryden Lake -Harford valley indicates that the last effect of glaciation in the southeastern part of the study area was a readvance of Valley Heads ice to or just beyond the divide in the valley. Readvancing ice deposited a till layer over older drift, and as the ice melted, relatively small amounts of stratified drift that were in, on, and at the bottom of the ice were laid down on top of the till. The dull-gray appearance characteristic of drab drift is caused by gray or greenish-gray shale and siltstone of local origin that constitutes more than 90 percent of the pebbles in the drift.
Drab upper till.
The drab upper till layer (Dl, pi. 2) lies at or near land surface from just south of the divide at the moraine in the Dryden Lake -Harford valley north to test hole 46-48 (near the outlet to Dryden Lake) and the South worth Road outcrop (pi. 2). Test holes 46-48, 58-35, 51-05, 55-04, and 31-00 penetrated the drab till (table 4, at end of report). The till is generally less than 10 ft thick and, in some places, is absent.
Thin stratified drift. In some places, the drab upper till is covered by thin, drab stratified deposits (stippled and Sd areas in pi. 2), that consist partly of outwash and kames but chiefly of inwash that grades to postglacial alluvial fans. The stratified drift is generally less than 15 ft thick.
Absence of surficial lacustrine deposits. Fairchild (1934) stated that proglacial lakes in front of the retreating ice were typical of most north-draining valleys, and described such a lake that occupied the Virgil Creek and Dryden Lake -Harford valleys during the retreat of the ice north of the village of Dryden. The outlet to the lake (elevation 1,220 ft) was on the Valley Heads moraine in the Harford valley (pi. 2). Surficial lake deposits are absent between the village of Dryden and the moraine, however, which indicates that no lake occupied the Dryden Lake and Virgil Creek valleys during the final retreat of the ice. Although thick drift, including lacustrine fine sand, silt, and clay, was deposited during the early advances and retreats of Valley Heads ice, only a thin layer of till that is overlain in some areas by thin outwash, kame deposits, and inwash was deposited during the last readvance of ice to or just beyond the divide on the moraine. No lacustrine material is found at land surface in the areas below the saddle (elevation 1,220 ft) on the moraine that would have been the outlet.
A possible explanation for the absence of surficial lake deposits in Virgil Creek and Dryden LakeHarford valleys may be that meltwater drained north to a lower outlet through crevasses or a subglacial drainage system throughout the readvance, or at least began to do so before the ice between the village and moraine had melted below the saddle elevation (A. D. Randall, U.S. Geological Survey, written commun., 1988) . Some of the other north-draining valleys crossed by the Valley Heads moraine contain wellpreserved outlet channels on the moraine and corresponding lake deposits at land surface to the north, but most north-draining valleys are similar to the Virgil Creek and Dryden Lake valleys in that the backslope of the moraine consists mostly of till or thin deposits of sand and gravel rather than lacustrine sediments. Some valleys have lake deposits much lower than the saddle of the moraine (Muller and Cad well, 1986) , however, which may indicate a lower lake whose outlet was elsewhere, rather than a lake that drained across the moraine.
Glacial Stratigraphy in Selected Areas
Well logs from eight U.S. Geological Survey test holes in the Dryden area, ranging in depth from 63 to 106 ft, indicate that the most abundant type of sediment in the upper part of the moraine is till, which forms about 50 percent of the drift, followed by sand and gravel (approximately 30 percent) and lake deposits (approximately 20 percent). Most of the holes penetrated at least two and as many as six till zones interbedded with lacustrine fine sand, silt, and clay, and(or) sand and gravel. Thickness of each till layer typically ranged from 2 to 30 ft and averaged 13 ft.
The test holes typically penetrated two or more sand and gravel layers, except for test hole 46-19 in the Virgil Creek valley (pi. 1), in which only till was encountered. Excluding recent alluvium, the sand and gravel zones penetrated were relatively thin and typically ranged from 2 to 14 ft thick and averaged about 7 ft thick, except in test hole 35-30, low on the backside of a large kame moraine deposit of the south side of Dryden Lake (pi. 1), where a sand and gravel unit at least 66 ft thick was penetrated.
Lake deposits form one to three zones that typically range from 1 to 15 ft thick and average 9 ft thick. The thickest lacustrine deposit penetrated was 38 ft thick in test hole 46-48 near the outlet of Dryden Lake. Although less detailed than the U.S. Geological Survey logs, information from about 60 water-welldrillers' logs indicated generally similar thicknesses of till, sand and gravel, and lacustrine deposits.
Virgil Creek Valley
Test hole 46-19 is near Virgil Creek (pi. 1) where the creek is incised at least 70 ft into the moraine. It penetrated 62 ft of mostly stony till. An exposure in a nearby roadcut revealed a mixture of till and debrisflow, with lesser amounts of ice-contact deposits. No geologic logs of the upper part of the moraine or depths below that penetrated by test hole 46-19 were available.
The upper part of the valley fill in front of the moraine (east), where a proglacial lake once inundated the valley to the level of an outlet at elevation 1,400 ft, consists of lake deposits overlain in some places by alluvial sand and gravel. A driller's log of a well in the hamlet of Virgil, 1.2 mi east of the front of the moraine (not shown on pi. 1), indicated that the top 70 ft of the valley fill contains mostly lake deposits and possibly some till.
Area South ofDryden Lake
During the last glacial readvance, the ice deposited thin, discontinuous stratified drift and a thin till layer atop the outwash in the vicinity of the divide and atop the moraine north of the divide in the Dryden Lake valley (pis. 2, 3). Southeast of the divide, the deposits from the last readvance overlie a thin sand and gravel layer (zone 2 on section A-A', pi. 3) that overlies a thin till layer (less than 10 ft thick), that in turn overlies a thick sand and gravel zone. The deeper sand and gravel zone ranges from 10 ft to more than 50 ft thick. On the moraine and north of the divide (to at least test hole 58-35), a thin lake deposit (less than 10 ft thick) underlies zone 2. Most of these units can be correlated over a distance of several thousand feet. The inter.bedded till, sand and gravel, and lake deposit represent deposition by an oscillating ice front, in which till was deposited during the advance and possibly the disintegration of ice, followed by meltwater and inwash deposition on top of the till in front of the divide. North of the divide, a small, high-level lake formed between the ice front and the lowest point in the divide at that time (elevation 1,200 ft); here a thin lake, deposit formed between zone 2 and the top of sand and gravel or till.
The geologic log of test hole 35-30 (102 ft deep), on the south side of Dryden Lake and low on the large kame moraine, indicates the presence of mostly sand and gravel except for a thin lacustrine layer and a thin till layer between depths 29 and 35.5 ft. The thick sand and gravel deposit below 35.5 ft is probably part of the main moraine, which was deposited during a major stillstand of the ice.
Test hole 46-48, near the outlet of Dryden Lake, penetrated little or no gravel below the upper 20 ft of drab sand and gravel (section A-A', pi. 3). A 38-ftthick, fine sand deposit, from depths of 32 to 70 ft, may represent the filling in of the kettle now occupied by Dryden Lake, by either deltaic or lake-bottom sediments.
Area North ofDryden Lake
Stratigraphy in the hummocky area north of Dryden Lake is more complex than in the area to the south. Even though the hummocky area has many well records, correlation between geologic units is difficult (pi. 3) because the deposits are of many types, discontinuous, and irregular in shape. The complexity of the hummocky zone is probably due to a sequence of differing depositional environments.
The southeastern part of the hummocky area is overlain by thin, discontinuous stratified drift, typically 3 to 12 ft thick, and a 3-to 8-ft-thick drab till, both of which were deposited during the last readvance of the ice. The hummocks consist of an irregular, 10-to 30-ft-thick complex of till, lake deposits (some of which were reworked by ice or gravity flow), and glaciofluvial sediments that were deposited during disintegration of stagnant ice. The structure and stratigraphy observed in the hummocks (figs. 7 and 8) are so complex that correlation of geologic units in plate 3 is speculative. Underlying the hummocks is a thin, possibly discontinuous layer of lodgment till that was laid down during the readvance of ice that deposited the hummocks.
The hummocks are underlain by a thin and discontinuous 3-to 12-ft-thick sand and gravel deposit, generally found between depths of 20 and 45 ft (zone 2 in pi. 3). Pebbles in zone 2 are bright, which suggests a glaciofluvial origin such as outwash or icecontact deposits.
The zone 2 sand and gravel unit is underlain in most areas by 2 to 20 ft of till (although some drillers' logs indicate that this zone may be underlain by 10 to 35 ft of lacustrine deposits). Since till underlies zone 2 in most areas, the stratigraphy suggests that zone 2 is an ice-contact deposit laid down during disintegration of stagnant ice.
Where the lacustrine deposit underlies zone 2, it is in turn underlain by an undulating 10-to 20-ft-thick till unit (sections A-A' and B-B', pi. 3), which indicates that water was ponded between the ice front and the divide on the moraine during either an advance or a retreat of ice. The till overlies or drapes over a 3-to 25-ft-thick sand and gravel deposit (zone 3) with an undulating upper surface that in turn is underlain by till commonly found between 75 and 100 ft below land surface (sections A-A' and B-B', pi. 3). The undulating upper surface of zone 3 and the position of the sand and gravel zone between two tills suggest that it is an ice-contact deposit that formed during disintegration of stagnant ice and was covered by till during a subsequent glacial readvance.
Data from seven drillers' logs of deep wells drilled between depths of 100 and 200 ft in the Dryden area reveal interlayered lake, till, and subordinate sand and gravel deposits. At depths below 100 ft, the lacustrine deposits become slightly more common than till, although individual layers are relatively thin, typically ranging from 20 to 30 ft Lacustrine sediments may be more abundant below depths of 100 ft because less sediment had accumulated in the valley during the early stages of Valley Heads glaciation, and the valley floor was deeper; therefore, lake environments could have been more common in a deep valley than during later oscillations, when subsequent sediments and buried ice blocks had accumulated in the valley.
Three wells and test holes near (and drilled for) the Village of Dryden that were drilled to depths of 175 to 300 ft penetrated mostly till and lacustrine deposits and a sand and gravel zone. Wells 05-49 and 55-43 penetrated sand and gravel (zone 4 in section A-A', pi. 3) at depths of 170 to 184 ft and 193 to 217 ft, respectively. Well 58-28, which is 300 ft deep and in the southeastern pan of Dryden, penetrated mostly lacustrine material and some till below zone 3.
Comparison with Other Valleys
Some concepts developed within this locality could also apply to other valleys crossed by the Valley Heads moraine in central New York despite some differences in the hydrologic setting and some stratigraphic features that may be unique to the Dryden area, such as the Y-shaped Virgil Creek and Dryden Lake -Harford valley system. In most major valleys in central New York that are crossed by the Valley Heads moraine, the moraine forms the divide between the southern drainage into the Susquehanna River basin and north drainage into the Oswego River basin ( fig. 3 ). In the Dryden area, however, it forms a divide in the Dryden Lake -Harford valley but not in the Virgil Creek valley because Virgil Creek has eroded a shallow gorge through the upper part of the moraine that allows northwestward flow.
Another difference is the depositional environment during deglaciation.
Meltwater typically deposited an outwash train in front of the Valley Heads moraine, but in the Virgil Creek valley, the area in front of the moraine was occupied by a lake. The absence of outwash in front of the moraine in the Virgil Creek valley indicates early diversion of meltwater to other valleys. A significant stratigraphic difference between the Virgil Creek and Dryden Lake -Harford valleys and other valleys crossed by the Valley Heads moraine is that the upper 100 ft of drift in the Virgil Creek and Dryden Lake -Harford valleys consists mostly of till interbedded with minor thicknesses of lacustrine deposits and sand and gravel, whereas the upper 100 ft of drift in several other lower north-draining valleys contains large amounts of lacustrine sediments (Dunn Geoscience, 1985; Crain, 1974) . The abundance of till in the Virgil Creek and Dryden Lake -Harford valleys indicates that the deglaciation environment here was dominated by ice, whereas in many other valleys it was dominated by lakes.
Lithology as a Clue to Origin of Deposits
Because Valley Heads drift in this study area ranges from "drab" to "bright" (most other studies reported mostly "bright" drift), and typically "drab" Olean drift is "bright" in some through valleys, such as this study area, no clear lithologic distinction is evident between the two drifts. A lithologic distinction was noted between Valley Heads drift and recent deposits in some parts of the study area, however. In the study area, the lithology of the pebbles in the Valley Heads drift ranges from drab to bright, and the erratics constitute 3 to 52 percent of the pebble content. Some parts of the Valley Heads moraine contain drab and moderately drab drift, whereas other parts contain bright drift. In general, the drab drift is found mostly in the eastern part of the study area, and the proportion of erratics in the drift increases with depth.
Distribution of Drab and Bright Sediments
Holocene alluvium. Alluvium in the study area is drab to moderately drab. Alluvium contains fewer erratic stones in Dryden Lake basin (3 to 10 percent) than in Virgil Creek basin (7 to 12 percent), probably because the drainage basin of Dryden Lake contains predominantly drab till and bedrock in the uplands, and a drab upper till at or near land surface in the valley. Streams in the Dryden Lake -Harford valley have not eroded through the drab upper till into the underlying bright drift, as Virgil Creek has.
Although Virgil Creek flows through a 3-mi-long gorge with erratic-rich cutbanks, the pebbles of the channel deposits are drab to moderately drab. Locally derived shale and siltstone pebbles make up from 88 to 93 percent of the alluvium at four sites from which samples were collected from the channel, and limestone formed from 1 to 5 percent of the samples. The drab to moderately drab pebble content with slightly increasing limestone content downstream suggests that most of the alluvium is derived from the erosion and transport of clasts from bedrock and drab till in the uplands. The slight increase in limestone content downstream indicates some incorporation of limestone-rich morainal sediments that are exposed in cutbanks along the sides of the gorge.
A 10-to 20-ft-thick alluvial fan was deposited in the Village of Dryden area where Virgil Creek flowed 14 north from the moraine and onto the broad valley flat. At test hole 09-54, in the southern part of the village (pi. 1), pebbles in the lower part of the fan (12 to 19 ft) were moderately bright; 85 percent consisted of local clasts, 10 percent of limestone, and 5 percent other erratics. These percentages are similar to those of readvance deposits found in the moraine, excluding the drab upper till in the southern part. The lower part of the alluvial deposit may have formed predominantly during erosion of the gorge, which has similar pebble lithology. The upper part of the alluvial deposit is drabber than the lower part, which may indicate that the rate of erosion in the gorge decreased and more alluvium was derived from the uplands.
Small streams that drain uplands deposited 10-to 20-ft-thick alluvial fans at the edges of the valleys. These fans generally overlie outwash and(or) till. Their high drab-pebble content (97 percent local clasts) attests to an upland source of clasts derived from erosion of bedrock and drab upland till.
Drab stratified drift and uppermost till. The moraine in the southeastern part of the study area is covered by a thin, drab till layer (Dl, pi. 2) from just south of the divide to the Southworth Road outcrop (pi. 2). The upper till layer represents the last readvance of ice to or just beyond the divide, where the ice then dissipated, leaving no more than thin till and discontinuous stratified drift deposits (A. D. Randall, U.S. Geological Survey, written commun., 1986). The pebbles in the upper till consist mostly of local shale and siltstone (94 to 100 percent) with only a trace of limestone. The discontinuous stratified deposits (shown as stippled areas and Sd on pi. 2) consist of some outwash and kames but mostly in wash that grades to postglacial alluvial fans. The drabness of the clasts in the stratified deposits indicates that, during the last readvance, either alluvium was deposited by local tributaries in crevasses and on top of stagnant ice, or the frontal reach of the ice tongue contained drab drift that became sorted by meltwater and then laid down as outwash and kames as the ice melted.
Moderately bright tills. Most tills in the upper 100 ft of drift are moderately bright, with an erratic-pebble content typically ranging from 15 to 25 percent; 10 to 20 percent of the pebbles are dark-gray limestones. The number of erratic pebbles in the till increases with depth at some test-hole sites and outcrops (31-00, 58-35, 03-54, and Southworth Road outcrop) but not at others. A trend of increasing bright-pebble content with depth is more distinct in sand and gravel deposits than in till. (Lithology of sand and gravel deposits are discussed in the aquifer section, farther on.) 
Bright tills. Tills in which erratics

Dilution of Bright Drift
The difference between the drab till in the southeastern part of the study area, in conjunction with drab drift that becomes slightly brighter with depth throughout the study area and the relatively erraticrich till to the north that also becomes slightly brighter with depth, may reflect the amount of drab inwash that was deposited on, into, and in front of the ice by Virgil Creek and other streams that drained the adjacent hillsides and uplands. During the early stages of Valley Heads glaciation of the southern Finger Lakes region, ice flowed southward, completely covering the northdraining basins of the Ontario Plain ( fig. 1 ). Lakes formed in front of the advancing ice. Little drab sediment flowed onto the ice because the source area (the relatively flat plain to the north) was covered by ice and because lakes in the valleys in front of the glacier trapped much of the inwash from northward-draining streams flowing from the Allegheny Plateau before it could reach the ice. As the ice advanced southward, lakes formed in depressions at successively higher levels, and the fine-grained lacustrine material that settled in these lakes buried the previous inwash. Some of these buried inwash deposits could have been incorporated into the ice as it overrode and eroded through the lacustrine deposits. Therefore, when ice was just north of Dryden, most of the drift in the ice was derived from relatively bright drift transported from the north as well as drab drift eroded and incorporated into the ice from underlying deposits, which included bedrock, previously deposited glacial drift, and lacustrine sediments.
As tongues of ice extended from the main ice massif and intruded into the northern rim of the Allegheny Plateau and partly filled the north-draining Dryden Lake -Harford and Virgil Creek valleys where the adjacent uplands were higher than the ice tongue, the ice replaced the lake that had formed in front of the advancing ice. During the early stages of glaciation, the ice tongue contained relatively erratic-rich sediments, some of which were deposited to form the moraine, and some were deposited by southwardflowing meltwater streams as outwash in front of the moraine in the Harford valley. During the late stages of deglaciation, when the ice underwent a temporary recession and(or) stagnation, the low outer margin of the tongue may have been mantled with drab inwash that was deposited by Virgil Creek and the many streams that drained the adjacent hillsides and uplands (A. D. Randall, U.S. Geological Survey, written commun., 1988). The sediment load of the outer 1 or 2 mi of ice probably was relatively drab; therefore, as the ice readvanced it deposited relatively drab drift southward and in the area where much inwash had flowed on and in the ice. Farther north, in the vicinity of the Village of Dryden, the drift is brighter because the source of drab inwash (streams draining the northern rim of the Allegheny Plateau) was farther away.
ORIGIN AND DISTRIBUTION OF AQUIFERS
The Valley Heads moraine aquifer system in the Dryden area contains at least five significant confined zones and possibly several small areas of thin unconfined (water-table) aquifers. The five confined zones generally are stacked vertically, but some are discontinuous and, therefore, are absent in some areas. The confined system consists of supraglacial debris, kames, collapsed outwash, and possibly interstadial alluvium. The unconfined aquifers consist of alluvial flood-plain material and fans deposited recently by streams, and thin outwash and kames deposited in the low areas during final retreat of the ice.
Wells in the Dryden area tap water from four of the five confined zones in the Valley Heads moraine aquifer system. Only one well (24-41) from which a geologic log is available is known to tap an unconfined aquifer in the moraine a kame deposit at the southern end of Dryden Lake. Test borings revealed other small unconfined aquifers in some low areas. The large unconfined outwash aquifer that extends southward from the front of the moraine in the Harford valley is mostly outside the study area and is not discussed here.
Unconfined Aquifers
The small, discontinuous, and(or) thinly saturated unconfined aquifers consist of alluvial fan and floodplain, outwash, and kame deposits. Those that consist of outwash and kame material were deposited during the last readvance of Valley Heads ice into the Dryden Lake area; the alluvial fan and flood-plain material was deposited by Virgil Creek and other small tributary streams during postglacial time.
Alluvial Deposits
The flood-plain deposits of Virgil Creek are poor aquifers because they are only 3 to 10 ft thick and are likely to be saturated only seasonally. Upland runoff that seeps into the aquifer and most of the precipitation that falls on the flood plain drains rapidly along the interface between the alluvium and underlying till and discharges into Virgil Creek.
The Virgil Creek alluvial fan in the southern part of the Village of Dryden is also relatively thin (10-20 ft thick) but is perennially saturated. Test hole site 09-58, drilled in the alluvial deposits in the southern part of the village (pi. 1) during the summer of 1984, revealed alluvium that was 20 ft thick, of which 11 ft was saturated. The alluvial fans along the edges of the valley also form small aquifers. Precipitation provides some recharge to the fans, but most recharge is from infiltration of water from losing reaches of the tributary streams that flow on the fans. The fans are saturated as long as streams are flowing^ but probably drain dry during dry periods where streams flow intermittently.
Surficial Outwash and Kames
As ice of the last readvance melted, it left thin, drab outwash and kame deposits over till in some places (shown as Sd in pi. 2). Most of these deposits are largely unsaturated, but those in low areas are commonly saturated, especially near surface-water bodies such as Dryden Lake and streams. Test-hole 46-48, on a kame deposit adjacent to the outlet of Dryden Lake (pi. 1 and hydrogeologic section A-A' on pi. 3), penetrated 20 ft of drab surficial gravel, of which 7 ft was saturated. Test hole 35-30, on a kame adjacent to Dryden Lake, showed 28 ft of surficial gravel, of which 16 ft was saturated. Only one well (24-41, at the south end of Dryden Lake) from which a geologic log was available is known to tap an unconfined aquifer.
Confined Aquifer System
The confined aquifer system in the Valley Heads moraine has five confined zones that are separated by fine-grained confining beds such as till, and by lacustrine fine sand, silt, and clay. Mapping and discerning the origin of the sediments in the confined zones was difficult because deposition in the zone of decaying ice was complex, especially where readvances had reworked some of the older deposits, and because the quality of well logs was variable. Some uncertainties in correlation between well logs were due to the variable nomenclature and degree of detail used by differ-ent drillers to describe sediments. For example, "clay and gravel" as reported by drillers could be till or silty gravel. Lacustrine deposits could not always be distinguished from till because sedimentary structures were not usually noted in well logs and because some lake deposits were reworked by overriding ice to form silt-and clay-rich till with only trace amounts of small pebbles that might not have been noted. The drillers' term "clay with some stones" could be till (reworked lacustrine with few stones) or lake deposits with dropstones.
TLone 1
The several thin and discontinuous sand and gravel lenses, or patches that underlie the upper till in the hummocky area north of Dryden Lake, are designated zone 1 in this report (pi. 3, sections A-A' and C-CO-Several wells penetrated 1-to 5-ft-thick sand and gravel that typically is found 5 to 20 ft below land surface, but few wells were installed in these deposits because it is thin, shallow, and only partly or seasonally saturated in many places.
Pebbles were collected from zone 1 at test-hole sites 07-30 (near Keith Lane) and 17-13 (on Kimberly Drive) and at the Southworth Road outcrop ( fig. 8 ) and examined for lithologic content. The pebbles are drab, which suggests an alluvial and(or) inwash origin. The sand and gravel at the Southworth Road outcrop that forms zone 1 is stratified and dips to the west, which suggests deposition by a westward-flowing stream, possibly inwash from the Virgil Creek valley.
Zone 2
The thin, moderately bright to bright, discontinuous sand and gravel zones that are typically found near the bottom of the hummock deposits (north of Dryden Lake) or between tills, or till and lake deposits (south of Dryden Lake) are designated as zone 2 in this report (pi. 3). Zone 2 is typically found 20 to 45 ft below land surface.
Zone 2 probably consists of supraglacial sediments such as debris-flow, glaciofluvial, and kame deposits that make up part of the hummocks. Evidence in support of these origins are: (1) An exposure of a hummock along Virgil Creek at Southworth Road ( fig. 8 ) that reveals several small, clearly discontinuous sand and gravel zones, and (2) moderately bright pebbles suggestive of an ice source for the gravel. Gravel pockets in the exposed hummock along Southworth Road and in the upper part of test holes 17-13 and 03-54 have moderately bright to bright clasts, 12 to 40 percent of which are erratics, and 7 to 28 percent of which are limestone.
Measurement and comparison of water levels between zones 2 and 3 was feasible at only one site, the Keith Lane apartments, which have two wells; one taps zone 2, and the other zone 3. The water level in the 42-ft-deep well (09-04) in zone 2 was 3 ft higher than in the 71-ft well (09-05) in zone 3, which suggests little or no hydraulic connection between the two zones.
Zone 3
Zone 3 is semicontinuous to continuous, has an undulating surface in some areas and a flat surface in others that slopes northwestward, and has a variable thickness ranging from 5 to 15 ft (pi. 3, sections A-A' and B-B'). In high areas, such as the southeastern part of Lake Road, the top of zone 3 typically is 80 to 90 ft below land surface, but in low areas, such as Kimberly Drive and the valley flat in the vicinity of Dryden, it typically is 25 to 50 ft deep. Wells completed in this zone in the low areas (below elevation 1,110 ft) commonly flow at land surface during the spring.
Many wells obtain water from this zone, including most homes along Lake Road, some along Kimberly Drive, and two municipal wells for the Village of Dryden. Bail tests of open-end wells by drillers indicate yields of 12 to 30 gal/min. Aquifer tests at the two screened municipal wells (57-27 and 59-29) indicate yields of 100 and 115 gal/min, respectively.
The origin of zone 3 is uncertain because its lithology and geometry differ from place to place. If the correlations shown in section A-A' and B-B' in plate 3 are correct, the top of zone 3 is gently undulating in some areas and has level surfaces in other areas. Most well logs indicate that till overlies the aquifer, suggesting that ice overrode the aquifer and may have partly eroded and modified its original surface. If erosion by ice of the top of the aquifer were negligible, the nearly level, north-sloping surface with a gradient similar to that of Virgil Creek suggests an interstadial alluvial origin, but the undulating pans of the aquifer suggests that it is a kame or a collapsed outwash deposit. The surface of zone 3 could have been eroded and flattened by the advancing ice in some areas and left as an undulating surface elsewhere.
Results of lithologic analyses of pebbles to determine the origin of the deposit were contradictory. The pebble lithology at test hole 09-58, in the southern part of the village (pi. 1), is variable within the gravel zone that probably correlates with zone 3. The dirty gravel in the upper part of the zone (depth 22-23 ft) is drab, whereas pebbles in the underlying gravel (depth 23-24 ft) are bright (table 4) .
Pebbles from gravel, observed during drilling of well 28-14 (pi. 3, section B-B' and table 4) installed in zone 3 along Lake Road, were also drab, whereas those from the permeable zone (depths of 35 to 42 ft) that possibly correlates with zone 3 at test hole 17-13 along Kimberly Drive were bright. Of all the pebbles at this site, 14 percent were limestone (table 4).
In summary, correlation between zones is likely to be more complex than shown on plate 3, and the unit shown as zone 3 could actually consist of two or more discontinuous zones of slightly differing age and origin.
Zone 4
Deposits correlated as zone 4 are semicontinuous and have a highly irregular surface and a variable thickness. The zone's highly undulating surface is best defined by well logs along Kimberly Drive (section A-AO and Lake Road (section B-B'), where at least 18 wells tap this zone. Thickness typically ranges from 5 to 30 ft. In high-elevation areas, such as along Lake Road, zone 4 is typically 90 to 125 ft deep, whereas along Kimberly Drive, which is 10 to 30 ft lower than Lake Road, the aquifer is typically 70 to 115 ft deep. Bail tests by drillers of open-ended, cased wells indicate the yield of water to wells that tap zone 4 range from 10 to more than 30 gal/min.
In low areas, generally below elevation 1,150 ft, wells in zone 4 commonly flow at land surface for at least part of the year. Well 36-28, on Kimberly Drive (top of casing 1,141.2 ft), typically flows from December to July, and well 42-34, lower on Kimberly Drive (top of casing 1,123.0 ft), flows all year.
Results of synoptic water-level measurements showed evidence of hydraulic continuity that helped distinguish the zones that certain wells tap. At the site of four wells within 300 ft of each other on Kimberly Drive, water levels in the two deep wells that tap zone 4 were nearly identical (table 1) and were 2 ft higher than levels in the two adjacent shallow wells that tap zone 3; these levels also were nearly identical.
Another hydraulic characteristic that distinguishes zone 3 from zone 4 is the range of annual water-level fluctuation. The water level in zone 4 fluctuates about 20 ft between spring and late fall, whereas fluctuations in zone 3 are about 10 ft (table 2). The difference in water level between zones 3 and 4 is greatest during the spring. During the first week in May 1970, the water level in well 24-17 in zone 4 on Kimberly Drive was 12 ft higher than in well 24-20, 200 ft away in zone 3 (table 2), which suggests that zone 4 has a higher recharge area than zone 3, such as the moraine to the south or kame terraces on the valley walls. The difference between water levels in zones 3 and 4 decreased to 2 ft during late fall, when zone 4 had higher water levels than zone 3.
Zone 4 is probably an ice-contact deposit, as indicated by the following characteristics: (1) it has a highly undulating surface that is typical of kame deposits in ice-stagnation areas (flat, sloping surface would support an interstadial alluvium or outwash deposited in front of the ice); and (2) water levels during the spring that were as much as 12 ft higher in zone 4 than in zone 3 suggest a higher recharge area for zone 4, such as the kame moraine at the southern side of Dryden Lake. 
Zone 5
Zone 5, the deepest (157 to 215 ft) of the confined water-bearing zones identified, is penetrated by only three wells (05-49,55-43, and 06-54) , all within 1,500 ft of each other in the southern part of the Village of Dryden (pi. 1). Only one other well in the study area was drilled deeper than 215 ft; well 58-28 was drilled to a depth of 300 ft and did not penetrate a sand and gravel zone below a depth of 110 ft (including zone 5) or bedrock. During nonpumping conditions, the three wells that tap zone 5 are normally flowing and have heads from 6 to 12 ft above land surface (Apfel, 1963) . Water levels in these wells are affected by pumping of any one well, which indicates hydraulic connection among the wells.
Available information suggests that zone 5 is an ice-contact deposit because (1) the driller's log of well 55-43 notes "colored stones," which probably are crystalline erratic pebbles derived from the glacier; and (2) the top of the zone slopes downward to the south (pi. 1, section A-A'), the direction opposite to that which would occur if the zone had been deposited by an interstadial northward-draining stream.
SUMMARY
Valley Heads ice abutted the north rim of the Allegheny Plateau about 13,500 years before present. Tongues of ice extended several miles south of the main ice massif into the through-valley section of the plateau and deposited large moraines (Valley Heads moraines) in the through valleys near its terminus, including the Virgil Creek and Dryden Lake -Harford valleys. The moraine consists of interbedded till and glaciofluvial and glaciolacustrine deposits that, in some areas, are overlain by thin postglacial alluvium.
Glacial Geology
Lake sediments accumulated in a lake that formed in front of the moraine in the Virgil Creek valley. The upper parts of the moraine in the Virgil Creek valley consist of till and debris-flow with lesser amounts of ice-contact deposits. The moraine in the Dryden Lake -Harford valley is mostly along the southern side of the valley and consists of a cobbly till mixed with dirty sand and gravel. Meltwater deposited outwash south of the moraine in the Harford valley, and two layers of till are interbedded with the outwash for about 1 mi south of the drainage divide.
The last glaciation in the southeastern pan of the study area was a readvance of Valley Heads ice to just beyond the modern divide in the Dryden LakeHarford valley. The ice deposited thin stratified drift and a thin layer of drab till over most of the ice-disintegration deposits in the Dryden Lake -Harford valley. This discontinuous stratified drift, which consists of outwash deposited by meltwater and inwash deposited by upland streams, was deposited on the ice and then laid down as the ice melted. Suificial lake deposits are absent between the village of Dryden and the moraine, however, indicating that no lake was present in the Dryden Lake and Virgil Creek valleys during the final retreat of the ice. The notable absence of surficial lake deposits in the Dryden area is atypical of the Valley Heads geologic setting. Apparently meltwater began to drain through a lower outlet to the north, across the ice or through a subglacial drainage system, before the ice melted below the level of the divide, thereby preventing the formation of lakes.
Geologic logs from eight U.S. Geological Survey test holes drilled at the Valley Heads moraine in the Dryden area, ranging in depth from 63 to 106 ft, indicate that till is the most abundant material in the upper part of the moraine. It represents about 50 percent of the drift, followed by sand and gravel (approximately 30 percent) and lake deposits (approximately 20 percent). Most holes penetrated at least two, but as many as six, till layers interbedded with lacustrine fine sand, silt, and clay, and(or) sand and gravel. Thickness of individual till layers typically ranges from 2 to 30 ft and averages 13 ft.
The test holes typically penetrated two or more sand and gravel zones, except for a test hole in the Virgil Creek valley that did not penetrate sand or gravel. Excluding Holocene alluvium, the sand and gravel zones penetrated were relatively thin, with a typical thickness of 2 to 14 ft and an average thickness of about 7 ft An exception was test hole 35-30, located on a large kame moraine south of Dryden Lake, where a sand and gravel zone at least 66 ft thick was penetrated.
Lake deposits form one to three buried layers that typically range from 1 to 15 ft in thickness. The thickest single lacustrine layer penetrated was 38 ft in test hole 46-48 near the outlet of Dryden Lake. Lacustrine layers average about 9 ft thick.
About 60 water-well-drillers' logs are generally similar to logs of U.S. Geological Survey test holes, although less detailed. Drillers' logs of seven deep wells in the Dryden area revealed that the drift between a depth of 100 and 200 ft consists of lake deposits interlayered with till and with less abundant sand and gravel deposits. In this depth interval, lake deposits are slightly more common than till, although individual layers rarely exceed 30 ft in thickness.
Clean drift in the uplands and Holocene alluvium transported from uplands are drab, whereas the Valley Heads drift is considered bright. Accordingly, drab deposits derived from fluvially transported upland material (Holocene alluvium, inwash, and interstadial alluvium) should be distinguishable from bright Valley Heads drift in the valley. The lithologic data collected during this study do not show a clear distinction between the two source terranes, however. The content of erratics in Valley Heads drift ranges from 3 to 52 percent. Some parts of the Valley Heads moraine consist of drab and moderately drab-to-bright drift, and other parts consist of bright drift. In general, the drab drift is found mostly in the upper parts of the moraine in the eastern part of the study area. The proportion of erratics typically increases with depth and also increases from southeast to northwest. South of Southworth Road, the uppermost till and stratified drift are quite drab. These contrasts may be due to the amount of drab inwash that was deposited on, into, and in front of the ice by Virgil Creek and streams that drained the adjacent hillsides and uplands. During the early stages of glaciation, the ice tongue contained relatively erratic-rich sediments. During the late stages of deglaciation, when a temporary recession and (or) stagnation of the ice occurred, the'low, outer margin of the tongue could have been mantled with drab inwash deposited by Virgil Creek and the many streams that drained the adjacent hillsides and uplands. The sediment load of the outer 1 or 2 mi could have been relatively drab; therefore, as ice readvanced, it incorporated some of the relatively drab drift and deposited it on the southern parts of the moraine, in the area where much inwash had flowed on and within channels in the ice.
Origin and Distribution of Aquifers
In the Dryden area, the Valley Heads moraine aquifer system contains at least five confined waterbearing zones and several small areas of thinly saturated unconfined aquifers. Most wells (including the village wells) obtain water from the deep confined zones. Only one well is known to tap an unconfined aquifer a kame deposit at the southern end of Dryden Lake but test borings indicate the presence of other small unconfined aquifers in alluvial-fan and floodplain, outwash, and kame deposits.
The five major confined zones of the Valley Heads moraine aquifer system are numbered sequentially starting from the top. Zone 1 is thin, discontinuous, 5 to 20 ft below land surface, and overlain by till. It consists of a mixture of interstadial alluvium and(or) inwash.
Zone 2 is also thin and discontinuous, 20 to 45 ft below land surface, and contains bright pebbles. Zone 2 is probably a glaciofluvial deposit.
Zone 3 is 80 to 90 ft below land surface and is semicontinuous to continuous. It has an undulating surface in some areas and a flat surface in other areas that slopes to the northwest. Thickness typically ranges from 5 to 15 ft. The origin is uncertain because the pebble lithology and aquifer geometry indicate contradictory origins.
Zone 4 ranges from 5 to 30 ft thick and is typically 90 to 125 ft deep. It is inferred to be an ice-contact deposit because it has (1) a highly undulating surface typical of kames; and (2) high-altitude water levels suggestive of a high-elevation recharge area, such as the kame moraine south of Dryden Lake or kame terraces along the valley walls.
Zone 5 is 157 to 215 ft deep. It probably is an icederived deposit because a driller reported that it contained many bright pebbles and because the top of the deposit slopes southeastward, opposite to the direction of slope if it were a north-draining alluvial deposit. Its area! extent is probably small. 2,000 3,000 4,000 5,000 6,000 7,000 8,000
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